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In the Qalim 

A complete listing of the dainas follows immediately bereinafier. 
1-24. (canceled) 

25. (cuiwoflyamended) fa a system for ttacking the position of a boritig tool in Ito ground as tte 
moves alongmundetgiaiauipalh whichlies withina region, said boring tool iixlwiing means for tnms«rittmg an 
elertiomagnetic locating signal Msdmadtefi^ 

receiving the dectromagpetic locating signal for nse in establishing the position of the boring tool, a method compnsmg 
die steps of: 

a) providing at leasttwo above ground detectoia as part of said arrangement each of which is configured 

for recehmig said locating signat 

b) locatingsaiddetectprsatinilialpoeationainsaidiegionwiaiinadipakr^^ 

locating signal transinitted from the boring toot at a first, start position; 

c) receiving said electromagnetic locating signal using said detectors with said boring tool first at said 
start position to produce a first set of electroimgnetic data; 

moving die boring tool to a second position; 

e) «»rfvii« said electromagnetic k)catmg signal using said dete^ 

position to produce a secmid set of electromagnetic data; and 

f) determining absohiteposMonsofthcdetecton) within said regicm using certain 

said first and second arts of electromagnetic data in a predetermined way. 

26. (original) Tbc aafboi according to Claim 25 wherein said detectors include tilt sensoia for measuring a 
tihorientationofeaehdetectorsuchthatthetihorientationofeachdetectorforms 

27. (original) The n«thod according i» Claim 25 wherein said boring tool indudea a pitdi sensor such to^ 
the piteh angle of the boring tool fwrns part of said certain toformatkjn. 

28. (originaD The method according to Claim 25 wherein the electromagnetic locating signal inchides a 
known signal strength v*ich forms part of said certain infiwmation. 

29. (original) The method according to Oaim 25 inchidingite step of measuring a distance between the 
first and second positions of the boring tool and. thereafter, using said distance as part of said certain infimnation in a 
way which improves accuracy in determming flie absohite positions of the detectors in saidregion. 

30. (original) Ihe method according to Claim 25 wherein said distance is used in a way which 
overdetermines the absolute receiver positions so as to permit the use of a least square erroi technique. 

31 (original) TTie method according to Claim 25 wherein said step ofieceiving said electromagnetic 
locating signal in said predetermined way further includes the step of producing one or more additional subsets of said 
dectromagnetic data at one or more additional positions of said boring tool, 
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data, thereafter, being used in determining the absolute positions of the detectors as part of tbe overall electromagnetic 
data. 

32 . (original) The method according to Claim 3 1 wWein the determination of the absolute positions of said 
detectors includes an overall certain number of known values and an overall certain number of unknot values and 
wherein measurements taken at said second position and at each additional position of the boring tool contribute al least 
one more additional known value to said overall certain number of known values such that the number of overall certain 
number of known values can be increased relative to the overall number of unknown values, 

33 . (original) The method accordix^ to Claim 32 wherein measurements are taken at a sufficient number of 
positions such diat the overall certain number of known values is equal to or greater than the overall certain number of 
unknown values so as to use only electromagnetic data in determining the absolute positions of said detectors. 

34. (original) Hie metliod according to Claim 32 ^iiereln the determination of the absolute positions of said 
detectors inchides tiie st^ of using the addidonal known vahies in place of at least portions of said certain infonnation. 

35 . (original) The metiiDd accordipg to Claim 34 wherein each detector inchides a tilt orientation and 
wherein the detennination of the absolute positions of said detectm includes the step of using the additional known 
values instead of using measured values of tilt orientation for said detectors such that the tilt values form part of said 
certain muriber of unknown values. 

36. (origiiuil) The metliod acoordii^ to Claim 35 wherem said borsi^ tool incli^ 

whettinthe detexminatian of the absolute positions of said dct e ctois includes the step of using the additional known 
values instead of using a meastned value of said pitch such that the pitch orientation forms part of said certain nnniber of 
unknown values. 

37. (original) The method according to Claim 36 wherein said electromagnetic locating signal includes a 
gj gnal stEengtfa and wherein the detennination of the absolute positions of said detectors includes tbe step of using the 
additional known values instead of using an assumed value of said signal strength such that the signal strength fonns port 
of said certain niunber of unknown values. 

38. (currently amended) The me^d accordii^ to Claim 25 wherein said detectors are able to receive said 
electromagnetic locating signal within said dipole range of said boring tool and wherein said method furtiier comprises 
the steps of: 

f) alter establishing the absolute positions and orientations of said d^ectors within said region with the 
detectors at said initiai locations within the region, moving the boring tool to a third position such that both detectors 
remain witidn said dipole range of the bariiig tool; 

g) establishing the absolute position and orientation of the boring tool at said third position witiiin said 
region using the detectors at their initial positions; 

h) moving said detectors to new positions in said region or providing additional detectors at said new 
positions within the portioulaif dipole range of said boring tool; 

i) receiving said electromagnetic locating signal using tbe detectors at the new positions witfa said boring 
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tool at said third position to produce a fust subsequent set of electromagnetic data; - ^ ^^-^^ 

j) moving the boring tool to a fourth position; 

k) receiving said electromagnetic locating signal using the detectors at the new positions with said boring 
tool at said fourth position to produce a second subsequent set of electromagnetic data; 

I) using certaio infannation including said first and second subsequent acta of electioniagiietic data in a 
predctcnnined \i'ay to detenmiie absolute positions of the detect 

39. (currently amended) The method according to Claim 38 wherein the detectors at the new positions are. 
ferther j&ora the start position of the baring tool than at Aeir initial locations such tiiat the baring tool is locatablc for a 
distance beyond said particular dipole range from the start position of the boring tool. 

40. (original) In a system for tracking the position of a boring tool in the ground as the boring tool moves 
along an underground path which lies within a r^on, said boring tool deluding means for ttansmitting an 
electromagnetic locating signal and said system including an above ground arrangement for receiving the 
electronagnetic locating signal, an in5>rovement comprising the steps of: 

a) providir^ at least two above ground detectors, each of which is configured for receivhig said locating 



b) locating said detectors at initial positions in said region within range of said electromagnetic locating 
signal transmitted from the boring tool at its initial position; 

c) providing transmitter means forming one part of at least a first one of said detectors for transmitting a 
relative locating signal to other detectors in a setup inode; . 

d) receiving said relative locating signal usmg a second one of said detectors in said setup mode; and 

e) determining the position of the second detector relative to the first detector based on the received 
relative locating signal. 

41 . (original) The improvement according to Claim 40 further comprismg the steps of: 

e) j^iving said electromagnetic locating signal in a predetemmied way u^^ 

detectors to produce electromagnetic data; and 

f) establishmg initial absolute positions of said detectors and said boring tool within said region using 
certain information including the electtomagnetic data in conjunction with die relative position established betwsen ttie 
detectors. 

42. (original) The in^ovcment accordmg to Claim41 wherein said detectors include tat sensors for 
measuring the tilt angles of each detector such toit the dlt angles of each detector form part of said certain mformation. 

43. (original) The in^rovemcnt according to Claim 42 further coaqaismg the steps of: 

g) moving one of said detectors to a new, unknown location while the other detector remains in its initial, 
known position; 

h) transmitting said relative locating signal to establish the new location of the moved detector relative to 
the other detector so as to also establish the absolute position of the moved detector m said region. 
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44. (origioal) The improvement accoiding to Claim 43 wherein the moved detector is at least uddallyieut of 
range of the electromagnetic locating signal at its new location such that a predetermined amount of additionaliadvance 
of the borioj; tool causes the moved detector and the other detector to both be in range of said electromagnetic locating 
signal. 

45. (original) The improvement according to Claim 44 Tviicrein the new location of the moved detector is 
establiabed in proximity to an anticipated drilling path of the boring tool 

46. (original) The inoprovement according to Claim 44 wherein 4ie moved detector was out of lange of the 
electromagnetic locating signal, prior to being moved from its initial position, as a result of advance of the boring tool 
and wherein the moved detector 1$ within range of die electromagnetic Locating signal, after being moved, such that the 
moved detector remains within range of the boring tool over a subsequent advance of the boring tool. 

47. (original) The inqmyveinent accoiding to Oaim 44 whoteinsoffidem addilic^ 

tool aloqg said anticipated drilling path causes the other detector to be out of range of the electromagnetic locating signal 
vAAXe the moved detector is in range and wherein said in^rovement fiolher comprises the steps of: 

i) moving die other detector to an advance location farther from said boring tool, but still in proximity to 

said anticq>ated drilling path; 

j) transmitting said relative locating signal to establish the advance location of the other detector relative 
to the moved detector so as to also establish tiie absolute position of the other detector at the advance position in said 
region such that both detectors axe again within range of the boring tool to receive the electromagnetic locatixig signal 
over fintlier advance of the boring tooL 

48. (original) The improvement according to Claim 41 ^^toein said step of receiving the electromagnetic 
locatixig signal in said piedetennined way includes the steps of: 

measuring said electromagnetic locating signal us ing the detectors with the boring tool at its first* initial 
position to produce a fust subset of said electromagnetic data, 

moving the boring tool to a second position and determining a distance between the first and second positions, 

measuring die electromagnetic locating signal widi said boring tool at the second position to produce a second 
subset of said electromagnetic data» and 

wherein said st^ of determining the initiaL absolute positions of tiie detectors and the boring tool within said 
region includes the steps of 

combining the first and second subsets of electromagnetic data to produce the overall electromagnetic 

data» and 

determining llie absolute positions of the detectors and the b<mng tool in said i^on using tiie ovmll 
electroimgnetic data in conjunction with the established relative position between the detectors. 

49. (currently amended) The improvement according to Claim 41 Tt^ierein said system kicludes a drill rig 
having an extendable drill string attached to said boring tool such that nxivement of the boring tool is accomplished by 
extending or retracting the drill string and wherein said step of receivii^ the electromagnetic localii^ signal in said 
predet^mined way includes the steps of: 
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measuring said electromaBnetic locating signal using the detectors with the boring tool ai its first, imtia] 
position to produce a first subset of said electromagnetio data, 

moving the boring tool to a second r^"*'"" ^Y ff T tT ^"'<'" ff ""'^ "^"g ^ » cMabli^ aad 
delornuning a distance between the first and second positions, 

measuring the etectromagnetic locating signal with said boring tool at the second position to produce a second 

subset of said electroraagaetic data, and 

v^rein said step of detemnning the initial absolute positirais of die detectors and the baring tool withfai said 
includes Ifae steps of 

conibining the first and second subsets of electromagnetic data to produce the overall electromagnetic 

data, and 

deteimining the absolute positiona of the detectors and Ae boring tool in said region using flie oveiaU 
electromagnetic data, aloQg with the established relative position between the detectoTB and said distance mwo n w d 
Mtohliahed between the first and se««d positions of fee boring tool, in detenniniag d>e absohite positiona of flie 
detectors in said region. 

50. (original) The hnprovement according to Claim 49 vrfierein said step of receiving said electromagnetic 
locating signal in said piedetemiined way fijrther hidudes the step of producing one or more additional subsets of said 
elecmnnagiielic data at one or more additional positions of said boring tool, said additional subsets of electromagnetic 
data, Ihfiteafter, being used in said absolute position detennining step as part of the overaU electromagnetic data in a way 
which improves accuracy in detennining the absolute positions of the detectors and the boring tool in said region. 

51-70. (canceled) 
Please add new claim 71, as foUovm 

71 . (new) The in^rovement according to claim 40 including configuring flie first one of the detectors to 
transmit the relative locating signal as a dipole locating signal and configuring said boring tool for transmittmg said 
electronngDetic locathig signal having a dipole field 
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